Introduction
There is accumulating evidence that oral health of elite or professional athletes is poor with common self-reported impacts on wellbeing, training and performance 1;2 . We have reported high levels of preventable conditions including dental caries, dental erosion, and periodontal diseases in a study of 300 athletes at the London 2012 Olympic Games 1 with 30% of participants reporting an impact of oral health on their quality of life and almost 20% on their training or performance. More recently, a systematic review of professional and elite sport from our group has shown similar findings across a wide range of sports 2 . These findings have led to the development of position/consensus statements with recommendations to promote oral health and related research as part of sport and exercise medicine 3;4 .
Oral health is a determinant of life quality 5 and there is a wealth of literature demonstrating impacts of poor oral health on quality of life including caries 6 , periodontal disease 7 and pericoronitis 8 .
Exploratory analyses from London 2012 suggested that caries was associated with negative impacts on life quality and self-reported performance 1 . Other than symptomatic effects, psycho-social impacts of poor oral health are recognised as a major influence on quality of life 5 . Therefore, if oral health is poor in professional football, it would be reasonable to expect an impact on quality of life and potentially performance.
Our systematic review found only three studies of oral health in professional football [9] [10] [11] . These reported poor oral health but the strength of evidence was limited by their lack of representative sampling 11 . Therefore, as the oral health of footballers is currently unclear and in view of the potential impact on wellbeing and performance 12 , the aim of this study was to evaluate the oral health of a representative sample of professional footballers and to investigate possible determinants or oral health in this group as well as the self-reported impacts on wellbeing, quality of life and performance.
METHODS

Study design
Cross-sectional study at eight UK professional football clubs UK; Eligibility criteria: member of senior team squad, able to understand the consent process, able to understand the questionnaire and age at least 18 years.
Oral health examination:
The clinical oral health examination was carried out by the normal team dentist or named dentist nominated by the club in the clubs' training or medical facilities. The examination was conducted using headtorch illumination and standard methods for oral health examination. Dental caries was measured on all teeth as enamel only or dentine following cleaning with an explorer and drying with cotton wool rolls. Erosive toothwear was recorded for all teeth using a modification of the Basic Erosive Wear Examination (BEWE) to exclude third molars 13 . The worst finding on anterior and posterior teeth were recorded.
Dental and orofacial trauma was recorded as; previous history of trauma and new trauma. (Table 1) 189 footballers were recruited from eight clubs with data available for 187 (two players consented but unable to participate due to time). These numbers represent a mean completeness of 96% of eligible players from each senior squad (range 89-100% Dental erosion was present in 53.1% of footballers. In those with erosion, the severity in the most affected tooth was moderate to severe (grade 2-3) in 20.9% anterior teeth and 20.6% posterior teeth. There was no statistically significant association between sports drink frequency and dental erosion (online table 3 ).
RESULTS
Characteristics of footballers
Periodontal health (Online tables 4 & 5)
Gingivitis (Basic Periodontal Examination (BPE) codes 1-2), as the worst finding, was present in more than 8/10 of footballers with irreversible periodontitis (BPE codes 3 -4) in 5% of players. In terms of extent, at least half of the mouth was affected by gingivitis in 76.7% of footballers.
Pericoronitis and oral infections
Pericoronitis (infection around wisdom teeth) affected 3.2% footballers. 7 .8% had at least one
PUFA finding (open pulp, ulceration, fistula, abscess).
Self-reported oral conditions 9 The proportion of players reporting oral conditions were: current problems or pain in the There was a substantial self-reported negative impact of oral health on wellbeing and performance. More than 45% of footballers were bothered by their oral health with 19.6%
reporting an impact on their quality of life and 6.9 % reporting an impact on training or performance.
Effect of team on caries (Online tables 7 & 8)
Caries experience varied markedly by club: (range 5.3%-52.4%, p=0.014). Periodontal health was also statistically significantly different between teams.
Exploration of determinants of quality of life and performance (online table 9)
Dentine caries had a highly statistically significant association with athlete-reported impacts on training or performance. Self-reported impacts were statistically significantly associated with dental caries, current pain in the mouth, history of wisdom tooth swelling/infections and tooth sensitivity.
Comparison with previous studies
Our recent systematic review 2 identified three studies conducted in professional or elite football (an updated search on 13/2/2015 did not identify additional data). The sample sizes of the studies were small (n=18-34) and unlikely to be representative. Although only limited data were reported, the oral health in these studies was also poor. Compared to the mean DFT of 4.6 in this study, the mean DFT values were 5.1 11 , 7.15 10 and 21% players with untreated caries 9 . No data were presented for erosion. Periodontal inflammation was prevalent in one study with 60% of the players reporting gum bleeding 11 . Although no study reported impact of oral health on performance, one study found a statistically significant correlation between periodontal health and muscle injuries 11 . Therefore, overall, the findings from the UK are consistent with other countries.
Comparison with UK population data
Studies investigating oral health and elite sport to date have suffered from a lack of comparative or control data 2 . We did not recruit a control population for this study, however some insights into dental caries levels can be gained through comparison with data from the Adult Dental Health Survey for England, Wales and Northern Ireland (2009) 16 . In general footballers seem to have more restorations and similar or higher levels of untreated dentine caries. The proportion of footballers with dentine caries was higher in the 16-24 age group (38.3%) than the comparable group from the ADHS (30% Clearly this comparison should be interpreted with caution as the examiners were not ADHS trained and the methodology for our examination will have been different (though based on the ADHS approach). Nevertheless, this is the first study on an adult elite sport population to attempt to relate oral health with population data and some of the differences are large.
Strengths and limitations of data
The strengths of the study are several. Dentists examined the vast majority of each senior squad (89-100%) and the total sample size (N=189) is the largest in professional football and one of the largest single sport oral health surveys to be reported 2 . Therefore, it is reasonable to generalise the findings from this study to professional football, at least in the UK. We also employed validated oral health outcome measures that enable comparison across studies.
The main limitation of the study was that we used multiple examiners (six) for data collection. Examinations were carried out by team dentists who were recognised by each club and familiar with the medical organisation. We provided examiner training in the form of written materials and a teleconference. However there was no formal evaluation of examiner repeatability or calibration. In order to mitigate the effect of limited examiner training in research methods, we employed outcome measures familiar to the dental examiners and which represented obvious signs of disease. Furthermore, the dentists were highly experienced clinicians outside of research. Taking these aspects into account, estimates of disease levels in this study are most likely to under-report actual prevalence since no radiographs were taken.
Implications for health and performance
This study provides the most reliable evidence that oral health within professional football is poor and is consistent with research conducted in Brazil, Spain and the USA. The levels of caries, restorations, erosion and gingival inflammation are likely to confer a considerable burden in terms of existing and future treatment. The frequently reported oral symptoms and self-reported impacts on oral health quality of life and performance are also notable in view of the high level of football participation of these individuals.
In accordance with Wilson & Jungner screening criteria 17 , the screening of oral health seems fully justified within football given the high prevalence of treatable conditions. It is debatable whether many other routine screening tests performed in football meet all screening criteria.
Therefore, we recommend oral health screening within football. Oral health assessments may also provide indications on lifestyle habits (for example nutritional) beyond notoriously inaccurate self-report. Whilst appreciably subjective, many footballers within this study believed that their oral health had an impact on their quality of life and some on performance. Improved oral health will positively impact athlete quality of life, wellbeing and psychological preparedness for sport. The data also support oral health education of youth football players given the increase in oral disease with age.
The causes of poor oral health include nutrition 18;19 , unfavourable individual health behaviours 20 , cultural norms and structural determinants such as access to oral health promotion and value of oral health within sport support system 4 . Notably, more than threequarters of participants reported attendance at a dentist for a check-up within 12 months and this is corroborated anecdotally by the participating dentists. However, few teams integrate oral health promotion within overall medical care and there is therefore lack of ongoing support and reinforcement of this health area for the athletes.
Interestingly there was significant variation in dental caries among clubs suggesting that differences in the prevention of oral disease may exist. The relationship between sports drinks and dental erosion remains unclear. A systematic review found no association although included only studies in children not specifically participating in sport 19 . In comparison, a European survey of more than 3000 participants aged 18-35 years reported a statistically significant association of sports drink use with dental erosion 21 . Pattern of use and titratable acidity may an important confounders 21 .
The principles of oral disease prevention and health promotion are well recognised and with good evidence of effectiveness 22 including effective daily plaque removal, higher fluoride supplementation (toothpastes/mouthrinses) for high caries risk, and managing nutritional intake (including sports supplements) to reduce the frequency of fermentable carbohydrates (for caries) and acidic items (for dental erosion). Successful implementation will be dependent on integrating oral health within other areas of health promotion in sport and is likely to achieve mutual benefits 4;23;24 .
Implications for research
Studies are needed that investigate different models of oral health promotion within professional football. However, barriers to conducting research within the Football Association have been highlighted 25 . In view of the medical resource that are available, integration of oral health input within existing medical, nutritional and coaching support is likely to offer excellent potential to achieve change and with modest resource implications (cost, time or personnel). Such models should be based on best evidence for health behaviour change, health promotion 26 and implementation science 24 . Further research should investigate oral health in youth football to identify earlier opportunities to embed oral health promotion.
Summary
The oral health of professional footballers is poor with self-reported impacts on wellbeing and performance. Despite attendance for dental check-ups, oral health deteriorates with age. Successful strategies to promote oral health within professional football are urgently needed and research should investigate models based on best evidence for behaviour change and implementation science. This study provides strong evidence to support oral health screening within professional football. 
